The statistical characteristics of wind direction that was recorded at maximum wind speed in Peninsular Malaysia for two monsoons from 1999 to 2008 for seven stations were analyzed in this study. Modeled by von Mises distribution, the change in parameters values namely mean direction and concentration parameter was measured. Statistical summary, graphical representations, Watson-William Test and linear-circular correlation are used in the analysis. It is found that there is a significant change in the mean direction of wind over the period of ten years for most stations in Peninsular Malaysia. However, there is a weak relationship between wind direction and wind speed. This study suggested the presence of prominent direction of wind that blows in Peninsular Malaysia by monsoon. This finding may provide useful information on giving a better understanding of the behavior of the wind in Peninsular Malaysia and the potential use of wind as an alternative source of energy.
INTRODUCTION
The climate in the Peninsular of Malaysia can be described by humid tropical temperature with little variation throughout the year. It is situated between 1°N and 7°N latitude. However, other meteorological conditions such as wind and rainfall are very much dominated by the monsoon season. Malaysia experiences two monsoon seasons namely the southwest monsoon (June to September) and northeast monsoon (November to March) and two intermonsoon seasons (October and April to May).
Although Peninsular Malaysia does not have extreme weather conditions, it has suffered a fair share of turbulent (catastrophic) meteorological condition over the years. In June 2012 and August 2005, the haze in Malaysia is worsened by wind that brought in high pollutants from forest fires in Sumatera across the Straits of Malacca into the Peninsular Malaysia Mahmud & Ab Liah 2010; The Star 2005) . Severe flash floods in September 2008 experienced by the northern region of the peninsular namely the states of Kedah and Northern Perak were due to heavy rain (Bernama 2008) . In December 2006, the southern state of peninsular, Johor, suffered massive flood as a result of the typhoon Utor caused by tropical depression and severe tropical storm (Muhammad Barzani et al. 2010; Nur Aishah et al. 2012; The Star 2006) . In 1997 In -1998 , an unusually severe drought in the states of Kedah, Penang and Selangor was associated with the El Nino draught (Bernama 1998) .
The climate change in the Peninsular Malaysia is monitored by the Malaysian Meteorological Departments which records daily temperature, rainfall, wind speed, wind direction, weather, wave height, earthquake and tsunami warning and satellite images. In 2009, a report on climate change scenarios for Malaysia from 2001 to 2099 was published. However it was reported that the climate models may not be totally successful to simulate severe future extreme events (Malaysian Meteorological Service Departments 2009). Fredolin et al. (2012) gave an overview of the current scientific knowledge of climate change over Malaysia and addressed that the knowledge gaps remain large with regards to extreme events such as flood and drought.
Past researchers show that there is a relationship between the wind direction with temperature, rainfall, wind speeds, and wave direction (Bowers et al. 2000; Brunsdon & Charlton 2006; Jammaladaka & Lund 2006) . In Malaysia, the monsoon seasons influence the trend of wind speed (Razali et al. 2010) . Kamisan et al. (2011 Kamisan et al. ( , 2010 stated that, the monsoon based wind direction data fits well with the von Mises distribution as compared to the annual data set. In addition, studies on the potential future wind energy in Malaysia can be found in Chiang et al. (2003) , Islam et al. (2011 ), Masseran et al. (2012a , Masseran et al. (2012b) , Tiang and Ishak (2012) and Zaharim et al. (2009) . Wind energy is related to the third power of the wind speed. Razali et al. (2010) stated that the power of wind that generated by a wind turbine is more efficient when the wind speed is fresh (8.5-10.99 m/s) or strong (11-13.99 m/s).
Not many of these studies, however, consider both wind speed and direction. The analysis of wind speed and direction, however, is not straight forward. This is because wind speed is linear in nature but wind direction is a circular variable which is measured in degrees (0,2π) or radian (0 o , 360 o ). In view of the wrap around nature of the data, the measure of central location and spread of circular data are different from the linear data. The von Mises distribution is the most common probability distribution of a circular random variable and the concentration of a circular data set is measured using the mean resultant length. A high concentration, which is more than five, indicates a tightly grouped distribution while low concentration corresponds to a distribution with much spread (Bowers et al. 2000) .
Wind direction data with high value of concentration parameter suggest that the data is close to each other and may be an indicator of the prominent directions of wind. The aim of the study was to obtain statistical summaries of the wind direction recorded at maximum wind speed according to two monsoons over a period of ten years in Peninsular Malaysia. Our objective includes measuring the relationship between the wind speed and direction, if any. This kind of work has not been seen before and not available in any literatures.
SOURCE OF DATA
The data used in the study are daily wind direction data (in radian) recorded at maximum wind speed (in m/s) for seven stations, during the two monsoon seasons. These data were collected at altitude from 2.8 to 40.1 m from 1999 to 2008. For the west coast, the stations are located in Alor Setar, Bayan Lepas, Ipoh, KLIA and Subang, meanwhile for the east coast the stations are located in Kuala Terengganu and Kuantan (Figure 1 ). A total 153 data were obtained for the annual southwest monsoon, while 151 data were obtained for the annual northeast monsoon for all stations. All the data are obtained from the Malaysian Meteorology Service Department.
METHODS

THE VON MISES DISTRIBUTION
The von Mises distribution was first introduced by an Austrian Mathematician Richard Edler von Mises in 1918 and is denoted by M(μ 0 , κ) with the probability density FIGURE 1. Locations of daily wind direction data that recorded at maximum wind speed from 1999 to 2008
where 0 ≤ μ < 2π and κ ≥ 0. The parameters μ is the mean direction and κ is the concentration parameter. I 0 (κ) is the modified Bessel function of the first kind and order zero, which can be defined as I 0 (κ) = dθ = Figure 2 shows von Mises densities for μ = 0° and different value of κ. Hence, the larger the value of κ, the greater the clustering around the mode, or the higher concentration towards the population mean direction μ.
In particular, the mean resultant length ρ is A(κ) defined as:
(1)
The mean resultant length is also called the measure of concentration of data set. It describes how concentrated the data is towards the center (Jammaladaka & SenGupta 2001; Mardia & Jupp 2000) . Thus, since A(κ) = ρ and let θ 1 , θ 1 , …, θ n be a set of observations from M(μ 0 , κ) then the maximum likelihood estimate of κ is the solution of where and Therefore, 0 ≤ < 1. Note that, the mean direction is given by:
(2)
Approximate solutions of concentration parameter, can be obtained by inverting the power series expansion of A(κ) for small and large κ separately. Works on obtaining the solution can be seen as early as 1953 (Amos 1974; Batshelet 1981; Best & Fisher 1981; Dobson 1978; Gumbel et al. 1953; Hassan et al. 2012; Mardia 1972; Mardia & Zemroch 1975a , 1975b . In this study, we used latest method of approximation as proposed by Hassan et al. (2012) to estimate the concentration parameter. The approximation of κ was obtained by solving the piecewise polynomial functions involving the ratio of modified Bessel functions that is suitable for all values of κ. The approximation is given by:
These polynomial equations can be solved using polyroot function that is available in SPlus statistical package.
STATISTICAL TESTS ON WIND DIRECTION DATA
Two statistical tests are used in the study namely Watson-William Test (Mardia & Jupp 2000) and linear-circular correlation measure. The software used in the analysis is Oriana as it provides useful features in the analysis of circular data.
MULTI-SAMPLE WATSON-WILLIAM TEST
The Watson-William Test is used to test the hypothesis that the mean directions of wind over ten year period are equal. Assume that κ 1 = … = κ q where the common concentration κ is unknown, and let the null hypothesis FIGURE 2. Von Mises densities for μ = 0° and different value of κ H 0 : μ 1 = … = μ q , q = 2, …, 10,
and the alternative hypothesis is that, at least one of the equalities does not hold. The likelihood ratio statistic is given by:
where R i is the resultant length of the ith sample and R is the resultant length of the combined sample.
LINEAR-CIRCULAR CORRELATION COEFFICIENT
The linear-circular correlation coefficient (Mardia 1976 ) is used to measure the bivariate relationship between the mean direction which is circular in nature with maximum wind speed which is linear. Let (x 1 , θ 1 ), (x 2 , θ 2 ), …, (x n , θ n ) be a set of linear-circular measurements. Then, the linearcircular correlation coefficient r, is given by:
where r xc = cor(x, cos θ), r xs = cor(x, sinθ) and r cs = cor(cosθ, sinθ) are the sample correlation coefficients. The null hypothesis tested is that there is no relationship between variables.
RESULTS AND DISCUSSION
As mentioned earlier, the statistical model used to describe the wind pattern is the von Mises distribution. From the study carried out by Kamisan et al. (2011) , the wind direction that was recorded at maximum speed for the year 2005 can be described using the von Mises distribution. In contrast to the other distribution considered namely circular uniform, wrapped-normal and wrapped-Cauchy distribution, the von Mises distribution was found to give the best fit for both of the monsoons. To further assess the suitability of the von Mises distribution plots for each station and year we obtain the goodness of fit plot based on quartiles of the observed and estimated values. We found that the points on the plots are close to a 45° straight line. As an illustration, the goodness of fit plot of the wind direction data at Alor Setar in 2004 is given in Figure 3 .
From the plot, we may infer that the monsoon based wind direction data fits well with the von Mises distribution and is applicable for the data from 1999 to 2008. The first part of the result comprises of the parameter estimates of the von Mises distribution for all the locations over the ten year period (mean direction and concentration parameter κ). Also, the summary statistics of mean (μ) and standard deviation (sd) of the maximum wind speed was also given (Tables 1 & 2) . Table 1 gives the summary of wind direction data and maximum wind speed over ten year period for southwest monsoon and Table 2 gives similar results for the northeast monsoon. From Tables 1 and 2, it can be seen that the mean direction of wind in Peninsular Malaysia is scattered around 3 to 4.5 radian during southwest monsoon and 0.6 to 1.2 radian during northeast monsoon. It clearly demonstrates that the prominent direction of wind that blows in west Peninsular Malaysia is from the southwest direction during southwest monsoon, and for east Peninsular Malaysia is from northeast direction during northeast monsoon. This finding can be supported by looking at the rose diagrams. From the rose diagrams in Appendix 1, for a particular station, it is worthwhile to note that the wind comes from southwest direction during southwest monsoon and from northeast direction during northeast monsoon.
As for the wind speed recorded over the ten years, from Tables 1 and 2, we can see that the standard deviation of wind speed that recorded at east Peninsular Malaysia is consistently smaller than west Peninsular Malaysia. Thus, we may say that the wind speed in east Peninsular Malaysia has smaller variation than the west Peninsular Malaysia. It is noted that the mean of wind speed is in the range of (7.02, 9.54) m/s for west Peninsular Malaysia and As mention earlier, wind speed of 8.5-10.99 m/s has good potential for energy resource (Razali 2010) . Thus it can be inferred that wind has a small potential in providing an alternative source of energy.
WATSON-WILLIAM TEST FOR WIND DIRECTION DATA
In order to check if there is any significant change of the mean direction over the ten year period, the Watson-William Test is performed and the results are shown in Table 3 . The p-value given for each test is the probability associated with the null hypothesis that the mean angles are equal. If the mean angles are equal, then there is no change in the mean direction of wind for ten years. From Table 3 it can be seen that for the southwest monsoon there is statistical evidence with significance level 0.05, that there is a change in the direction of wind over the ten year period for all stations with the exception of Bayan Lepas. Similar conclusions can be made for the northeast monsoon where both stations recorded significant difference in the wind direction. Also, from Table 1 , it can be seen that for Bayan Lepas station, the difference between the minimum (2004) and maximum (2006) mean direction of wind calculated over ten year period is very small, indicating that there is no change in the direction of wind. Other station such as Kuala Terengganu has large difference between the minimum (07/08) and maximum (03/04) mean direction of wind.
These results are similar with the rose diagrams where it is note that although the wind predominantly came from a certain direction during particular monsoon, there is a gradual change in the direction of wind over the ten year period. For illustration, rose diagrams for selected years for the Alor Setar Station show that the mean has shifted from about 270° to the third quadrant of the circle. Similar conclusions can be made for the northeast monsoon in which rose diagrams for selected years for Kuala Terengganu Stations are given in Appendix 1.
ANALYSIS ON CONCENTRATION PARAMETER OF WIND DIRECTION DATA
The estimates of the concentration parameter or dispersion of wind direction for ten years are also given in Tables 1  and 2 . In general terms, it can be seen that the concentration parameter value for northeast monsoon is slightly higher than southwest monsoon. Even though there is a change in mean direction in the past ten years, the direction of wind that was recorded during northeast monsoon is less scattered or less dispersed than during southwest monsoon. Therefore, the direction of wind during that time is more prominent compared to southwest monsoon. Looking at the stations, the concentration parameters recorded at Alor Setar are consistently higher than other stations during southwest monsoon. Similarly, Kuala Terengganu gives consistently higher concentration parameter during northeast monsoon compared to other stations. It is worthwhile to note that, Ipoh has the lowest concentration parameter during southwest monsoon suggesting that the wind direction in this station is not prominent. These finding are consistent when we consider the rose diagrams. It can be seen that wind directions for all stations in east Peninsular Malaysia are close to each other as compared to the stations in west Peninsular Malaysia. These results give strong indication that the direction of wind in east Peninsular Malaysia is more stable than the west Peninsular Malaysia. These findings may be use in harnessing potential future of wind energy in Malaysia and provide some insights into the climatic change in Peninsular Malaysia. For example, floods due to heavy rainfall occurred every year during northeast monsoon season. A haze crisis has also occurred in the central part of Peninsular Malaysia (the worst since 1997) in August 2005 during southwest monsoon. Coincidently, high concentration parameters are recorded at most stations during that period of time. Perhaps, the high concentration parameters observed over the ten year period may, in some way, contribute towards the climate change in the Peninsular. Tables 4 and 5 show the correlation values between the wind direction and wind speed in Peninsular Malaysia for seven locations. The p-value given for each test is the probability associated with the null hypothesis that there is no relationship between wind direction and wind speed. From Table 4 , p-values less than 0.05 indicating a significant correlation can be seen in most stations, over the period of ten years. Some abnormalities can be seen in some stations such as Alor Setar (1999 ( and 2008 ( ), Ipoh (2004 ( , 2005 ( and 2007 , Bayan Lepas (2004 and 2005) and KLIA in 2007. Therefore at 0.05 significance level, we may say that there is a significant relationship between wind direction and wind speed at west Peninsular Malaysia during southwest monsoon. To quantify the strength of linear-circular correlation, coefficient values are computed and are found to be in the range of 0.15 to 0.35, thus suggesting that the circular-linear relationship is not strong.
CORRELATION OF WIND DIRECTION AND WIND SPEED
For the northeast monsoon as given in Table 5 , the relationship between wind direction and wind speed is somewhat significant for Kuala Terengganu for the years after 2005 and for Kuantan, the relationship dates back to as early as the year 2000. The correlation coefficients are generally less than 0.4, thus it can be concluded that the correlation between wind direction and wind speed is somewhat weak. These results are not surprising since from Tables 1 and 2 it can be seen that even though the mean direction of wind or its concentration parameter is high, the mean of wind speed is low. Hence, we may suggest that the direction of wind does not influence the speed of wind in Peninsular Malaysia regardless from where it blows.
CONCLUSION
From this study, it can be concluded that there are significant changes in the direction of wind and high concentration parameters for the period of ten years in Peninsular Malaysia. This behavior may be due to the gradual climate change observed worldwide. The direction of wind observed during the northeast monsoon is less scattered than during the southwest monsoon. This means the direction of wind during northeast monsoon is more prominent as compared to the southwest monsoon.
In search of environmentally friendly source of energy, the potential wind energy source is often studied. From the hourly data obtained at an altitude 18 m from 2005 to 2006 in Mengabang Telipot Kuala Terengganu, a location in the east coast Peninsular Malaysia, Zaharim et al. (2009) noted that future potential wind energy source in Malaysia is based on its location and suitable wind speed. Masseran et al. (2012b) suggested that the wind speed at Peninsular Malaysia were persistent but averagely low and identified Mersing in southeast region of Peninsular Malaysia as the most potential location for energy production based on the analysis of hourly wind speed data recorded at ten stations from 1 January 2007 to 30 November 2009.
Recently, Tiang and Ishak (2012) studied wind speed data recorded from January to December 2008 and concluded that the measurement site at Bayan Lepas in northwest region of Peninsular Malaysia has a limited wind potential. In this study, based on the ten-year period of maximum wind speed, the findings suggested that wind may not be a viable alternative source in harnessing energy. Chiang et al. (2003) however, suggested that the winds in the east coast of Peninsular Malaysia can be considered as the future potential wind energy source in Malaysia based on monthly wind waves, swells and wind characteristics taken for the period of 16 years from 1985 to 2000.
It is also found that there is little or no relationship between wind speed and direction. It is worthwhile to note that similar finding was also discovered by Jammaladaka and Lund (2006) when they measured the correlation between wind direction and wind speed in Texas on 2005. In this study, although there is evidence of the bivariate correlation between the wind speed and wind direction, the small coefficients values suggest that circular-linear relationship are somewhat weak. This indicates that the direction of wind does not influence the speed of wind in Peninsular Malaysia regardless from where it blows and vice versa. In conclusion, findings from this study may provide useful information in giving a better understanding of the behavior of the wind, its potentiality as an alternative energy source and predicting the future climatic changes in Malaysia.
